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AN INTRODUCTION TO THE SAPINDACEAE IN THAILAND 


FETERC. VAN WELZEN* 


SUMMARY 

This article is an introduction to a part of the plant family Sapindaceae, the taxa 
which are present from India to the Pacific Ocean. Morphological characteristics are 
discussed, often in relation to ecology; interesting details of flower biology, fruit 
dispersal, and germination are provided; the economic use of the plants is described, 
and special attention is given to the classification, species concept, evolutionary origin, 
and especially the ongoing dynamic development of new species in relation to 
geological changes. 

In addition a synoptical key to the genera (and species if the genus is monotypic) 
is provided. This key allows for identifications when one only has incomplete material. 
An analytical (or dichotomous or bracketed) key will be presented in the Flora of 
Thailand, together with keys to species. 

INTRODUCTION 

The plant family Sapindaceae is found in all three tropical regions of the world, 
which probably points at an ancestral presence during at least Gondwanan times. In all 
three regions the development within the family has been different. In Africa we 
mainly find a group with capsular fruits, the Cupanieae. This group is also present with 
different members in S.E. Asia and in S. America. In S.E. Asia one of the striking 
groups is the Nephelieae, though also present with a few members in Africa. This 
group contains a number of famous S.E. Asian fruit trees iike the Lychee, Rambutan, 
and Longan or Mata Kuching (Cat's eye). In S. America we mainly find the Paullinieae 
and Thouinieae, which harbour many climbers. The latter are very rare in Africa and 
S.E. Asia, 

JTie family receives its name from the group of chemical compounds known as 
Saponins, which they often contain, Saponins are well-known for their detergent 
properties and several Sapindaceae have been widely used as soap. Especially the 
genus Sapindus (Fig. 1) has been cultivated for a long time, because the juicy part of 
the drupe-like fruits produces a nice smelling soap. 


Kijkshcrbamim/Hurtus Botanicus, University of Leiden. F.O. Box 9514. 2300 RA Leiden, The Netherlands. 
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Figure 1. Sapindus saponaria L.: a. habit; b. petal; c. fruit. S rarak DC.; d. fruit.— S. trifoliatus L.; e. fruit. 
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The Sapindaceae are a polythetic family, which means that no set of characters 
can be given, which is typical for only this family and which is shown by all members 
of the family. Perhaps the extrastaminal disc or disc lobes are most typical, but these 
are also found in several other plant families (though often closely related, like 
Aceraceae, but see also below), while the S.E. Asian Sapindaceae genus Sisyrolepis has 
the disc besides the stamens instead of around the stamens. Even if only S.E. Asia is 
considered, no typical set of characters is present, though by far the majority of the 
Sapindaceae in this region show paripinnate leaves (like in Africa, but quite unlike S. 
America). 

The Sapindaceae have recently been revised for most of the S.E. Asian regions, 
like Malesia (Malaysia, Singapore, Indonesia, Philippines, Brunei, and Papua New 
Guinea; Adema et al. 1994), Peninsular Malaysia (Yap 1991) and Sabah & Sarawak 
(Adema & van Welzen ms.). Australia and the Pacific islands mainly show the same 
genera of Sapindaceae as S.E. Asia, though in Australia drought resistance has resulted 
in a proliferation in a few groups absent or species poor in the rest of S.E. Asia, like the 
genera Dodonaea and Heterodendrum. The Australian Sapindaceae have recently been 
published in the Flora of Australia (Reynolds 1985). 

The Sapindaceae have recently been revised for the Flora of Thailand and this 
presents a nice opportunity to present the family more elaborate with details on 
interesting morphological features, floral biology, seed/fruit dispersal, germination, 
classification, and the presumed history of the S.E. Asian Sapindaceae. In addition to 
the analytical keys present in the Flora of Thailand a synoptical key is presented. The 
latter often takes more time to identify a genus, but one can select the characters which 
one can observe easily, while an analytical key always forces you to observe requested 
characters, often not those which are easily visible. 


SOME CHARACTERS OF SOUTHEAST ASIAN SAPINDACEAE 

Most S.E. Asian Sapindaceae are small trees or even shrubs. Cardiospermum 
hcilicacabum is the only climber among them, and, in harmony with its habit, is the only one 
with tendrils. Several species, however, become major and sometimes dominant trees in 
the tropical rain forests, where most of them are found. Pometia is often dominant on 
New Guinea and it is one of the most important timber trees over there. 

The leaves are usually paripinnate, but all kinds of exceptions exist: bipinnate 
(Tristiropsis ), imparipinnate ( Lepisanthes , Paranephelium ), trifoliolate and digitate 
(Allophylus ), b item ate (Cardiospermum), unifoliolate ( Lepisanthes and exceptionally in 
several genera), and simple leaves (Dodonaea). Stipules are absent except in 
Cardiospermum , but some species have the lower pair of leaflets transformed into two 
basal, often round or ovate pseudostipules (Lepisanthes and Pometia ; Fig. 2a). In the 
latter genus they are also found at the base of the inflorescences. The rachis of the 
leaves may be winged (Fig. 2c) or not (Fig, 2b). 

Many Sapindaceae have domatia in the axils of the nerves at the lower surface of 
the leaflets. These may be small roofs (pockets; Fig. 2d), domes (sacs; Fig. 2e) or they 
are sunken into the leaf and only holes are present. For a long time only educated 
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igurc 2. Vegetative characters used in the identification tables: a. pseudostipules; b, rachis not winged; 

e. rachis winged; d. pocket domatia; e. sac domatia; fi glands in axils of nerves; g, gland in leaf 
blade (lower surface). 
































25 


AN INTRODUCTION TO THE SAP1NDACEAE IN THAILAND <P C VAN VVRLZEN) 


guesses existed what their function might he. They are certainly not glands, because the 
epidermis inside the domatia is similar to the rest of the epidermis. An Australian study 
(O’Dowd & Willson 1989) showed that it is likely that they are meant as 'houses’ for 
predatory and fungivorous mites, which help to protect the plant against fungi and 
herbivorous mites and insects. Dimocarpus (famous for its Longan fruits) perhaps 
shows a transition to a different type of protection. D. longan usually has domatia in 
the lower half of the leaflets, but the upper half shows glands instead. In D. fumatus 
only glands arc present in the nerve axils (Fig. 2f), while the same glands are also 
found, dependent on the subspecies, along the margin or in the marginal axils of the 
nerves. In the related genera Pometia and Xerospermum no domatia are found any 
more, only glands, but these are situated in the basal part of the lamina (Fig. 2g). The 
function of these glands is still unknown, but they might be attractive to ants (animals 
well-known for their plant protection). 

The inflorescences of Sapindaceae are usually thyrsoid, but reductions in the 
dichasial parts may reduce them to spike-like racemes. In most species the 
inflorescences are massed in the upper leaf axils and are found (pseudo)terminally. In 
several genera they also occur on the branches and trunks. 

The flowers are usually small, the largest in S.E. Asia are still less than 2 cm in 
diameter. In most species they are seemingly hermaphrodite, because pistil and stamens 
are present, but functionally they are unisexual. Only Dodonaea has true bisexual 
flowers. More attention to sexuality in connection with pollination will be given in a 
next chapter. 

Sepals are always present. In keys usually a distinction is made between uniform 
(Fig. 3a) and dimorph sepals (Fig. 3b). The first are usually small, more or less 
triangular, apert or valvate and often partly fused. The latter show two smaller outer 
sepals and three inner larger sepals, they are usually roundish to ovate, imbricate and 
never fused. The main number found is 5, but many exceptions, also within a single 
specimen, exist. 

Petals are often absent, but can be simple (Fig. 3c) or quite complicatedly built. 
The latter can be subdivided into a claw and a blade with at the transition between the 
two, on the inside two scales (Fig. 3e) or auricles (Fig. 3f) may be present. The latter 
can be fused into a single scale (Fig. 3d) and they may show an extra scale pointing 
towards the petal blade. The extra scale is usually referred to as a crest (Fig. 3d), it may 
be flat or clavate. Sometimes petals can be seen which show the (already well-known) 
transition to stamens. One of the crests is homologous to the anther, while one of the 
scales is homologous to the filament with the rest of the petal as a kind of outgrowth 
(Fig. 4). 

The disc is a flat raised ring-like part of the receptacle (Fig. 3g), though 
sometimes interrupted and horseshoe-like (Fig. 3h) or with an inner higher ring. The 
disc can be lobed or even be separated into glands, and is glabrous or densely pilose. 

Usually 8 stamens surround the pistil, but this number varies from less to about 
twice as many. The length of the stamens and the dehiscence of the anthers depends on 
the sexuality of the flowers (see below). 
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Figure 3 + Floral characters used in the identification tables: a, sepals all equal, usually triangular; b. sepals 
dimorph, outer 2 smaller, usually ovate; c. petal without scales; d petal with a single, crested 
scale; e. petaJ with two apical ly broadened scales; f petal with two auricles; g. disc complete (top 
view); h. disc interrupted; L ovary smooth;], ovary lobed/warty. 
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Figure 4. Inside view of a petal of Guioa unguiculata showing homology between a stamen and a petal; 
anther homologous with a crest filament with a scale and the rest of the petal. 


The pistil is in most species 3-locu!ar, but also often 2-locular. The ovary may be 
smooth (Fig. 3i) or lobed and warty (Fig. 3j). Per locule one or two ovules are present, 
directly attached to the placenta, a funicle is missing. On top of the ovary the single 
style can be found with either 3 stigmatic lines along it or it is apically lobed with the 
stigmas present on the lobes. Like with the stamens the size of the pistil and its 
functionality depend on the sexuality of the flower. 

The fruits are usually very typical for the different genera and many types are 
present, each with often different ways of diaspore dispersal (see Dispersal). In S.E. 
Asia we find dehiscent capsules, leathery fruits which open to reveal the seeds. The 
latter are mainly found within the tribe Cupanieae. In the Nephelieae, thought to have 
derived from the Cupanieae, the fruit has mainly changed to indehiscent (or very late 
dehiscent) capsular fruits. Other fruit types are drupes, berries and samaras. The fruits 
can be winged or not and very from completely glabrous to completely pilose, 
sometimes even with stinging hairs. Most fruits are reddish. The seeds do not develop 
in all locules and several will remain abortive, thus often producing an impression of a 
one- or two-locular fruit instead of a three-locular one. In Sapindus usually one locule 
develops into a drupe, while the other two remain for a long time attached as a kind of scales. 

The seeds , usually blackish brown, are often (partly) surrounded by an arilloid or 
the placenta has a fleshy outgrowth around the hilum. Arilloid is the common name for 
a fleshy structure of the seed, within the Sapindaceae it either is a sarcotesta (outer layer 
of seed fleshy, stuck to seed) or an arillode (fleshy layer free of seed, developing from 
around the hilum). A true aril is a seed enveloping outgrowth of the funicle. The 
sarcotesta may detach easily, but then on the inside always fibres of the exotesta are 
found and the remaining seed will look dull and fibrous. An arillode may detach with 
difficulty from the seed, but it always leaves a shiny, smooth seed and no exotestal 
fibres can be seen on the inside of the arillode. The arilloid, and sometimes also the 
seed, are usually edible and some of them, like in the Litchi, Longan (both arillodes) 
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and Rambutan (sarcotesta), are quite famous for it. The arilloid may also contain 
saponins and in that case will not be edible. In some species the arilloid develops at it 
base a threat, a kind of pseudofimicle, which attaches to the inside comer of the fruit. 
Once the fruit opens the seeds fall out and remain dangling on the pseudofunicle 
i Guioa , Mischocarpus , and Sarcopteryx). In several genera the endotesta produces a 
pocket to harbour the radicle of the embryo; the pocket plays a role in germination of 
the seed (see below). 


HABITAT 

Most species of Sapindaceae are found in the tropical rain forests mainly at lower 
elevations. The plants are normally found in everwet forests, but they may also be 
present in drier types as in Thailand. Some species also occur in deciduous forests and 
far less species are even found in a savannah type of forest. All these species are usually 
also present in gallery forest along rivers. Several species may exclusively be found in 
primary forests, like the Glenniea species, but most are present in secondary forest or in 
disturbed environments in primary forest, like along paths and rivers or at the edges of 
the forest, for instance the mangrove. Seemingly they need light to germinate and to 
grow, but as soon as there is too much competition, like from grasses in more secondary 
surroundings, the Sapindaceae disappear. 

It is onty in New Guinea that species are exclusively found at higher elevations 
(species of the genera Arytera, Cnesmocarpon , Cupaniopsis , Elaitostachys , Guioa , 
Harpullia, Mixchocarpus, Sarcopteryx , and Sarcotoechia). Only Dodonaea angust(folia 
(Leenhouts 1983) is also found at higher elevations outside New Guinea. Its elevated 
presence inland is one of the distinguishing characters with the other very widespread 
species, D. viscosa. The latter is mainly found along the beaches, and for this reason 
the fruits are thought to be dispersed by the sea. 

A typical inhabitant of deciduous forests is Schleichera oleosa. It looses its leaves 
during the dry season and at the beginning of the wet season the new leaves appear 
together with the flowers. During flowering the new leaves are still small, thin, 
somewhat crumpled and quite hairy. Once the fruits have matured the leaves have 
gained their full size and are quite stiff and almost glabrous. Their appearance differs 
dramatically from the one shown at the beginning of the wet season. This has caused 
the description of new species, which later appeared to be synonyms. 


POLLINATION STRATEGIES 

Sapindaceae are recorded to be monoecious or dioecious except for Dodonaea , 
which may be bisexual. A special form of monoecy prevalent among Sapindaceae is 
(duo)dichogamy. Genera with this kind of monoecy usually have three different types 
of flowers: staminate (stamens well-developed, dehiscent, ovary reduced), pistillate 
(stamens small, indehiscent, ovary' well-developed), and hermaphrodite (size of stamens 
and ovary intermediary, stamens dehiscent); see Fig. 6. These three types of flowers 
appear after each other on the same inflorescence. The first phase shows the staminate 
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flowers, usually in abundance, with loads of pollen and nectar. After these flowers 
have dropped, or overlapping for a few days with the next phase, the pistillate flowers 
appear. The latter usually have lower numbers. Finally, after fruit-set the hermaphrodite 
flowers present themselves and these appear to be functionally staminate. In some 
species, like in Litchi chinensis (Mustard et al. 1954), the sequence repeats itself 
without the first, staminate phase, which means that after the hermaphrodite flowers, 
pistillate flowers appear again, followed once again by hermaphrodite flowers. 
Effectively, dichogamous species are dioecious and need cross-pollination for their 
fruit-set. Presumably, monoecy and dichogamy are the primitive condition (found 
among the genera with most primitive characters), while true dioecy is found in the 
species with more advanced characters, like Xerospermum noronhianum (Appanah 
1982 as X. intermedium). Some species show transitions, with some trees being 
monoecious, others dioecious. An example of the latter is Nephelium lappaceum , the 
rambutan. Of course the more dioecious trees are used in cultivation, because mainly 
pistillate trees, with a few staminate ones to ensure pollination, will yield more fruits 
than a plantation with only monoecious trees. 

The dichogamous and dioecious species have to ensure cross pollination. Appanah 
(1982) found two strategies towards this goal for Xerospermum: 1, The staminate and 
pistillate flowers produce nectar in pulses, the pistillate ones three slight peaks per day, 
the staminate ones two intermittent peaks. 2. The nectar of every sex has a different 
composition, supplementing each other (the staminate flowers have few amino acids, 
many hexoses and little sucrose; while pistillate flowers have a high level of amino 
acids and sucrose, and little hexoses). Of course the pollen in staminate flowers form 
an extra award for the transmitting agent. Similar or less peaks are shown for Cupania 
guatemalensis (Bawa 1977), Nephelium lappaceum (Uji 1987), Paullinia cupana 
(Gondim 1984), and Sapindus emarginatus (Subba Reddi et al. 1983). 

The amounts of nectar may differ per sex, but usually the staminate flowers 
produce more than the pistillate flowers. Up to now Sapindus emarginatus is the only 
species reported in which the pistillate flowers produce more (Subba Reddi et al. 1983). 

The main pollinator of most S.E. Asian Sapindaceae appears to be Trigona bees 
{Cupania guatemalensis: Bawa 1977; Cupaniopsis anacardioides: Hawkeswood 1983; 
Xerospermum noronhianum: Appanah 1982). Trigona bees are stingless social bees 
which are reported to be opportunistic feeders (Baker 1973 ), spending much time while 
feeding on many flowers of the same plant with little inter-plant movement. Normal 
bees. Apis , appear to be pollinators of Nephelium lappaceum (next to Trigona: Uji 
1987, van Welzen et al. 1988) and of Sapindus emarginatus (Subba Reddi et al. 1983) 
and Paullinia cupana (Gondim 1984). Although in the latter two studies slightly 
secondary or disturbed plots were used, which might therefore have contained a different 
insect composition. Bees have an ability to ieam which plants to visit (Gould & Marler 
1987), they learn in the following sequence of decreasing importance: odour, colour, 
shape/pattem and separately they learn geographical position of the plant and the time 
at which a flower is to be visited (up to a maximum of 9 'appointments' in 8 hours). A 
change in one of these factors erases everything they have learned. Martinez del Rio & 
Eguiarte (1987) hint at the ability of Trigona to learn, while Appanah et a!. (1986) 
demonstrate this ability. The almost complete absence of foreign pollen on the Trigona 
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bees, which visited Xerospermum (Appanah 1982) also indicates the learning habit. 
Important of course is the fact that the trees have to be close to each other and they have 
to be sufficiently abundant, otherwise the efficiency of the Trigona bees as pollinators 
decreases rapidly. The dichochamy is usually explained as follows: the first staminate 
phase has to attract the bees and to leant them to visit the tree. The pistillate flowers are 
far less abundant (and visible), but the bees still remember to visit them. The following 
hermaphrodite flowers are the flowers which are supposed to provide the pollen for 
pollination. 

Seif-pollination has been reported by Appanah (1982) at a very low percentage in 
the pistillate flowers of Xerospermum. However, Ha et al. (1988) could not reproduce 
these results, although they found that after break-down of the anther wall, some pollen 
of the longest stamens was left behind on the stigma of the pistillate flowers. Selling 
experiments in Nephetium lappaceum, important for economic reasons, have all failed 
(Lin 1984; Ha et al. 1988). 


FRUIT DEVELOPMENT AND DISPERSAL 

Pistillate flowers quickly develop into fruits, but maturation may take a long time, 
especially in large woody fruits ( Paranephelium ) or big juicy fruits ( Glenniea ). In most 
Sapindaceae the fruits have already reached mature size before the seeds develop. 
Many herbarium sheets show large fruits with minute seeds inside. The arilloid will 
develop simultaneously with the seed. During seed development the fruits are green 
and mainly protected by tannins. The fruits of Nephelium are therefore used in several 
dark dyes. Once the seeds are mature the fruits change colour and usually become red, 
but also yellow is often encountered. After maturation most of the fruits are usually 
quickly eaten by birds and mammals, man included. 

Several types of fruits may be encountered within the Asian Sapindaceae. Rare 
types are: 

- winged fruits, like in Atalaya (exactly like those of Acer, the maple leaf) and 
Dodonaea . These are usually reported to be dispersed by wind and/or water (Ridley 
1930), 

- inflated fruits with a thin and papery wail, found in Cardiospermum and 
Koelreuteria. Like with the winged fruits these are probably also completely dispersed 
by wind and/or water (Fig. 5g). 

- drupaceous fruits: Allophylus, Ganophyilum, Glenniea , and Lepisanihes (Fig. 
5a). The central fruit layer is usually fleshy and juicy, while the inner layer, the 
endotesta is hard and woody, protecting the seed once the fruit is eaten by birds or 
animals against digestive juices. Fruits of Lepisanthes are or were popular by children 
as a titbit to eat. 

- berry like fruits (endotesta not hard and woody), like in Filicium , Sapindus , 
and Schleichera (dry in the latter). These fruits are presumed to be dispersed by water 
(Ridley 1930). The fact that the juicy part of the fruits of Sapindus can be used as a 
soap helps to disperse the seeds, because people tend to wash themselves along rivers. 
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Figure 5. Fruit characters used in the identification tables: a. lobed fruit, smooth; b> lobed fruit {one lobe 
not developed)* short spines; c. fruit not lobed; d. fruit not lobed, winged; e. fruit warty; f. fruit 
long spiny; g, inflated, papery fruit; h. aril lode (ar) with pseudo-fun icle (pf), (hi = hilum, t = testa). 
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Figure 6. Flower types of Guioa species, a. staminate flower; b. hermaphrodite flower; c. pistillate flower. 


















33 


AN INTRODUCTION TO THE SAPINDACEAE IN THAILAND {P C. VAN WELZEN) 


The fruits of most Sapindaceae are dehiscing or indehiscent capsules. They are 
usually red. The dehiscing capsules are mainly found in the tribe Cupanieae, while the 
indehiscent capsules are found in the Nephelieae (Fig. 5b, c, e, f). The dehiscent capsules 
are usually not big and after opening they reveal a dark seed, often partly or completely 
enveloped by a whitish, translucent arilloid. This combination of red and black (with 
white) is very attractive to birds, which are reported to be the main dispersers. Some 
genera have an arilloid with a pseudofunicle ( Guioa , Mischocarpus ; Fig. 5h). After 
dehiscence the seeds fall out of the fruit and remain dangling on the pseudofunicle. In 
this way they add movement as an extra stimulus for birds to eat them. With Guioa it 
was observed that small areas in Sabah (N.E. Borneo) contained hundreds of seedlings, 
while no mature trees were present. Seemingly these were roosting areas for birds, 
where they digested the eaten seeds. 

The indehiscent Nephelieae fruits are usually somewhat larger than the capsules 
of the Cupanieae. They contain larger seeds with often thicker arilloids. The fruits 
have to be opened and this is usually and quite greedily done by man, monkey, foxbat, 
sloth bear (Melursus ursinus), and pig (Ridley 1930), while parakeets and parrots also 
may have a go at them (Ridley 1930). For these, mainly mammals, the large red- 
coloured fruits are very attractive. The spines displayed by several of the fruits 
(, Nephelium , Xerospermum) are usually small or very soft and may only have protective 
value against smaller animals, which may not be able to swallow the seeds completely 
and which may damage them. Whitington & Treesucon (1991) report white-handed 
gibbons (Hylobates lar) to eat the fruits of Nephelium melliferum in Khao Yai National 
Park (Thailand). The arilloid is consumed and the seeds are swallowed and appear to 
be viable after digestion. Eating by the gibbons ensures seed dispersal and may 
enhance germination. 


GERMINATION AND SEEDLINGS 

Several species of Sapindaceae show a pocket inside the seed testa. In it the 
rootlet of the embryo, the radicle, is positioned. During germination the radicle, 
petioles of the cotyledons and the hypocotyl swell and the seed pocket becomes too 
small and will break open, after which the seed wall will open along predestined lines 
(pleurograms) connecting to the pocket. After germination the seed coat will remain 
loosely draped around the greening cotyledons. The latter type is described by de 
Vogel (1980) as the Horsfieldia type and subtype of seedling. 

With many Sapindaceae the seedlings are quite unlike the mature plants, in 
species of Guioa the first pair of leaflets to emerge were opposite, they lacked domatia 
and papillae, the margin of the papery thin leaflets was crenate and the rachis of the 
leaves was slightly winged. In mature species of Guioa the leaves are alternate, the 
leaflets are thicker, usually show domatia, papiliae may develop, the margin is usually 
entire, and the wing may have disappeared or may have become much broader (van 
Welzen, 1989). 

In phylogenetic or cladistic analyses this type of information is important, because 
these ontogenetic data show which character states are primitive, plesiomorphous 
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(opposite leaves, crenate margin, no domatia, no papillae, narrow wings, thin leaflets), 
and which are derived (developed later or apomorphic), i.e. alternate leaves, different 
margin types, domatia, papillae, no or broad wings, thick leaflets. 

In Guioa species it was found that the seeds germinate very rapidly, without any 
special treatment (van Welzen 1989). Ha et al. (1984) found an improved germination 
after removal of the arilloid and the pericarp, but they researched other species. Seed 
treatment often mimics passage of the seeds through the intestines of an animal, which 
may have to be a prerequisite for germination. 

USES OF SAPINDACEAE 

The Nephelieae contain the fruits which are popular with man: lamyai/longan/mata 
kuching ( Dimocarpus longan), li tehee ( Litchi ch men sis), rambutan/ngoh ( Nephelium 
lappaceum ), meritam ( Nephelium ramboutan-ake). The arilloids are juicy, fresh, and 
sweet, sometimes a bit oily as in Dimocarpus. The trees are often found around villages, 
where people have strewn the seeds after having eaten the arilloid. Because of their 
commercial interest these species are now often grown in plantations, also outside S.E. 
Asia. Under cultivation the trees may look quite different. Wild Nephelium lappaceum 
is a relatively large tree, but in plantations they are small trees of less than 4 m high, 
enabling easy picking of the fruits. Sapindaceae are not the easiest trees to handle in a 
plantation. Nephelium ramboutan-ake , having larger and thicker, often juicier arilloids 
than Nephelium lappaceum , is a notoriously difficult tree to cultivate and is therefore 
not popular as a plantation tree. Also, Litchi chinensis is a tree which needs a more 
temperate climate with an occasional cold (though not freezing) period. Attempts to 
grow the species under everwet conditions have often failed. If conditions are 
favourable the trees may yield fruit twice per year, but usually a good harvest is 
followed by one to several poor harvests, which does not add to the commercial success 
of these species. Another problem is that the fruits can often not be transported over 
long distances or be kept for a long time. Especially the Nephelium species are easily 
infected by fungi or tum black and loose much of their juices. It is necessary to leave 
the fruits attached to their stalks, this at least diminishes fungal infection. The arilloids 
are often canned in syrup and especially with Dimocarpus and Litchi this is very 
successful, unfortunately Nephelium looses much of its fresh taste. This means that 
Nephelium is mainly suitable for local use, while the other two genera can also be 
canned and distributed worldwide. Fresh Litchi fruits are nowadays also transported 
worldwide by airplane and are becoming increasingly popular in Europe, where they 
can be bought around Christmas. For more information see chapters on Dimocarpus, 
Litchi, and Nephelium in Verheij & Coronei (1991). 

The arilloid or the juicy part of drupaceous fruits of many other Sapindaceae is 
edible, but will never provide a substantial meal, because the edible parts are very 
small. The seeds of several Sapindaceae are also edible once cooked, this is mainly 
known of the seeds of Paranephelium and Cubilia cubili (the latter is said to be even 
more tasteful than the much better known seeds of Castanea, i'agaceae). One has to be 
careful, because seeds of other Sapindaceae are notoriously poisonous due to their 
cyanogenic content. These are often used as fish poison, either the seeds ( Trigonachras 
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pctpuensis) or the bark ( Ganophyllum faicatum). In Central and S. America the arilloids 
of the fruits of Blighia sapida are popular, known as Ackee trees, but the seeds cause an 
intoxication disease known as 'Jamaica vomiting sickness’. 

The wood of several Sapindaceae is of a very good and durable quality. The 
famous fruit trees may also be used for their wood, which of course, is commercially 
less interesting. Only the wood of Pometia pinnata is of commercial interest in 
especially New Guinea, where the trees occur abundantly (10-35% of the number and 
volume of the trees). Of the latter the smaller leaved types, found on well-drained soils, 
are preferred because of their straight shape and larger diameter of the bole. The larger 
leaved specimens are found on less well-drained soils, have a smaller diameter and 
usually a less preferred shape. In S.E. Asia mainland especially the wood of Schleichera 
oleosa is interesting. This species grows under seasonal conditions and needs a dry 
period, making it a suitable tree for the (unfortunately becoming increasingly larger) 
dryer parts in S.E. Asia. 

Several species have an ornamental value. Once flowering the stamens of 
Elattostachys species can turn a plant completely red, which looks very fanciful. 
However, usually the flowers are white and very small, but they may occur in such 
abundance that they are a horticultural pleasure to look at, adding a sweet aroma to their 
aesthetic value. Two trees are especially of ornamental value along streets and in parks: 
Koelreuteria paniculata (often also in temperate zones in Europe) and Filicium 
decipiens Fig. 7; the latter more in the tropics, but needing a dry period to be able to 
flower, otherwise it remains vegetative only). 

Locally throughout S.E. Asia various parts of most Sapindaceae are used, after 
different procedures (fresh, crushed, cooked, decoction, etc.), against a large variety of 
diseases. But seemingly non of these applications has gained the interest of the major 
pharmaceutical companies. 

Finally, and already mentioned earlier for Nephelium , some fruits are locally used 
in dyes. 

Short summaries and references to the uses of S.E. Asian Sapindaceae can be 
found in Adema et al. (1994). 


CLASSIFICATION 

The main classification of the Sapindaceae has been provided by Radlkofer (1931- 
33), who worked almost a lifetime long on this family. Some changes have been made 
by Muller & Leenhouts (1976), based on palynological studies and on macromorphology 

(Fig. 8). 

The family is probably a natural family, monophyletic in a cladistic sense: all 
species are derived from one ancestral species and all known descendent species are 
included. The latter is not completely true, which will be discussed below. Judd et al. 
(1994) considered the Sapindaceae in a broad sense as a monophyletic group of species 
within the Rutales. Typical characters, apomorphies, according to them are the pinnate 
leaves, nectary disk, syncarpous gynoecium, and few ovules per carpel. 
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Figure 1. Filicium decipiens (Wight & Am.) Thw.: a. habit; b< fruit. 
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1-igure 8. Classification and supposed evolutionary development of the Sapindaceae (bottom) as demonstrated 
by the different pollen types (upper row). The letters and numbers below every name in the 
phylogcny of the Sapindaceae (bottom) refer to the pollen types in the upper row. 
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The family is usually divided into two subfamilies, of which the Dodonaeoideae 
are certainly not a natural group. The latter is a very heterogenous collection of genera 
grouped into 5 tribes. The delimitation of the tribes is certainly incorrect, because 
defining characters are not present in all genera within a tribe and can often also be 
found in genera placed in one of the other tribes (Buijsen, personal communication). 
The best thing that can be said about the Dodonaeoideae is that it contains all genera 
which could not be comfortably placed in the other subfamily, the Sapindoideae. 

The Sapindoideae are probably a natural group, divided into 3 informal groups, 
each containing 3, 3, and 2 tribes respectively. Most genera are part of the 
Sapindoideae. The largest tribe in S.E. Asia, containing half of all genera, are the 
Cupanieae, followed by the much smaller Nephelieae. 

Two families, the Aceraceae and the Hippocastanaceae, have to be included in the 
Sapindaceae. If one sees the Sapindaceae genus Alalaya , then the fruits are exactly 
similar to those of Acer. Genera like Sisyrolepis and Cubilia show fruits almost the 
same as those of A esc ulus. Muller & Leenhouts (1976) considered the two families to 
be part of the Dodonaeoideae. Judd et al. (1994) show in a trial cladistic analysis that 
the two families are both natural, monophyletic groups of genera, but only the 
Hippocastanaceaeare part of the Dodonaeoideae, while the Aceraceae are grouped 
together with the Sapindaceae tribes Thouinieae and Paullinieae (both mainly South 
American). The latter two tribes, like the Aceraceae, have samaroid fruits and are 
thought to be the most advanced tribes within the Sapindaceae. If the two small 
families are kept separate, which is probably done because they mainly occur in 
temperate regions (Judd et al. 1994), then the Sapindaceae become a paraphyletic group 
(not all known descendants included ). The suggestion of Judd et al. (1994) is to unite 
all three and form one natural family, the Sapindaceae. 


SPECIES DELIMITATION 

Radlkofer (1931-33) described hundreds of new species in the Sapindaceae. He 
often had draw his conclusions from very poor material and he usually had a few 
specimens per species only. Therefore, he could not fathom the variation in some of the 
species. After his revisions the Sapindaceae obtained the reputation of being a difficult 
family with many species, which could hardly be identified. 

Since the revisional work for the Flora Malesiana project started, much more 
material had become available and many names appeared to be inseparable due to a 
better knowledge of specific variation. Many names had to be united and usually per 
genus one or several very variable 'mega'species appeared to be present. The latter have 
very wide distributions, usually from India to well into the Pacific. The most notorious 
one is Allophylus cobbe. Leenhouts (1967) felt obliged after a careful study of all 
specimens available to unite all names known, from Africa to the Pacific, into this one 
species. Other 'mega'species' are: 

Alectryon glaber (Leenhouts 1988) 

Arytera litoralis (Turner 1995) 

Dimocarpus fumatus and Dimocarpus iongan (Leenhouts 1971) 
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Dodonaea angustifolia and Dodonaea viscosa (Leenhouts 1983) 

Gnioa diplopetala and G. pleuropteris (van Welzen ! 989) 
tiarpullia arborea and H. cupanioides (Leenhouts & Vente 1982) 

Lepisanthes fruticosa, L. rubiginosa, L. senegalensis, and L. tetraphylla 
(Leenhouts 1969) 

Mischocarpas pentapetalus and M. sundaicus (van der Ham 1977) 

Pometia pinnata (Jacobs 1962) 

Nephelium cuspidatum and N. lappaceum (Leenhouts 1986) 

Xerospermum noronhianum (Leenhouts 1983) 

Most of the 'mega’species, though highly variable, have become clearly defined. 
It is not difficult any more to separate the major species in Lepisanthes or 
Xerospermum. However, locally many distinct forms can be recognized within these 
widespread species. This leaves the local flora writer with a problem. He would like to 
recognize the local forms, but because he cannot study the complete variation, he also 
feels compelled to follow the 'mega'species concept. My approach for the Flora of 
Thailand has been to use the 'mega'species and to describe the local variation as 
informal groups. Another approach is to recognize infraspecific groups, like Yap (1991) 
did for the Tree Flora of Malaya. 

1 like to discuss two species in more detail. Guioa diplopetala is a so-cailcd ring 
species (van Welzen 1989; Fig. 9). On Borneo a western and a northern-eastern form 
can be easily distinguished. These are similar in fruit and flower characters, but the 
leaflets are completely different, one is bullate, hairy and broad-elliptic, the other is flat, 
glabrous and long-elliptic. Via the Malay Peninsula, Sumatra, and Java these two forms 
are connected through intermediate forms. A cladistic analysis shows that the ancestor 
of this species ’came' from New Guinea, which means that the species arrived in E. 
Borneo, During glacial periods it could probably extend its distribution, when most of 
W. Malesia (the Sunda Shelf) was dry land. It could presumably not traverse the central 
mountain range of Borneo to reach the eastern part of this island, but it had to detour 
via the other islands during which it changed its shape. 

fhe other species is Guioa pleuropteris (Fig. 10). This species is in most of its 
distribution fairly homogenous, but in the Philippines it changes its shape completely. 
It does so via two dines, one from N. Borneo to Palawan and the Calarman Island 
group, the other one from NE. Borneo to Mindanao up to Luzon and Mindoro (van 
Welzen 1989). The leaflets become very small and change the type of hairs and domatia. 
The dines correspond with landbridges present during glacial periods (Morley & Flenley 
1987). The eastern dine can also be observed in other Sapindaceae, like Gloeocarpus 
patentivalvis (van Welzen 1991) and Lepidopetalum perrottetii (van Welzen et a!. 1992). 


DISTRIBUTION PATTERNS IN THAILAND 

Patterns are only noted for the floral regions in Thailand, because more detail is 
unwarrented as many areas have been insufficiently collected. 1 he floral regions are 
Northern (N), North-eastern (NE), Eastern (E), South-western (SW), Central (C), 
South-eastern (SE), and Peninsular (P). 
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figure 9. 


Guioa dip tope tala, a ring species with two leaf types on Borneo (g and h), which are connected 
by intermediary shapes on Java (h), Sumatra (d). and the Malay Peninsula (a-f). 
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Figure 10, 


Guioa pfeutoptetis: distribution and 2 
resulting in shape c and e respectively. 
relatively uniform (shape a, b, d, and f). 


morphological dines from Borneo to the Philippines, 
In the remainder of its distribution area the leaflets are 
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Quite a few species are only found in the Peninsular part of Thailand, and then 
especially south of the Isthmus of Kra, the narrowest part of the Peninsula (Ranong 
Province). The latter is a famous phytogeographical border between Malesia and S.E. 
Asia (Van Steenis 1950). 375 genera only occur south of this border and ca 200 north 
of it. The following species are present in the Peninsular area only: 


im mamgayi 
A lephelium ramboutan-ake 
Paranephelium macrophyilum 
Paranephelium spirei 
Pometia pinnata (also N) 
Pometia ridlevi 


Amesiodendron chinense 
Dimocarpusfumatus subsp. fumatus 
Dimocarpus longan var. malesianus 
Ganophyllum falcatum 
Guioa bijuga 
Nephelium cusp idat urn 
Nephelium laurinuni 

A few species also extend slightly north of the isthmus of Kra into SE: 

Glennieaphilippinensis only SE) Nephelium lappaceum 

Guioa diplopelala Xcrosperm um laevigatum 

Guioa pleuropteris X. noronhianum (also N) 

Perhaps added to this list could be: 

Dodonaea viscosa (also SW) 

Lepisanthes fruticosa (also C) 

Nephelium mellifetutn (also E and SW) 


The disjunct distributions of Pometia pinnata and Xerospermum noronhianum are 
interesting. Question is if this is a natural distribution or due to introduction (the first 
species provides good timber, the second edible fruits) or insufficient collecting. 

The opposite, species only present north of the Isthmus of Kra (absent in P) also occurs: 
Arfeuillea arborescens Schleichera oleosa 

Dimocarpus longan var. longan Zollingeria dongnaiensis 

Lepisanthes senegalensis 


In this list the Dimocarpus and Lepisanthes species might be erroneous, because 
they also occur in Malaysia and W. Malesia. They probably belong in the widespread 
category (see below). Species in this list presumably need a drier period during part of 
the year (already discussed for Schleichera), while the species south of the Isthmus are 
more in need of an everwet climate. 

A variety of this pattern is found in two species, which are somewhat more restricted to 
the north of Thailand (N, NE, +): 

Litchi chinensis (also SE) 

Sisyrolepis muricata (also E, SW) 


The exact natural range of Litchi (and of course Nephelium lappaceum) cannot be 
reconstructed due to the long history of cultivation. Presumably they are cultivated in a 
much wider area then indicated by the collected material in the BK and BKF herbaria. 

The 'mega'species of course occur throughout Thailand, together with the less variable 
and less widespread Nephelium hypoleucum: 

Allophylus cobbe Lepisanthes rubiginosa 

Arytera litoralis Lepisanthes tetraphylla 
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Cardiospermum halicacabum Mischocarpus pentapetalus 

Harpullia arborea Mischocarpus sundaicus 

Harpullia cupanioides Nephelium hypoleucum 

A few species are restricted to the east of Thailand (E); 

Dimocarpus fumatus subsp. indochinensis 
Dimocarpus longan var. obtusus (also C) 

and a few to the west (N and SW): 

Paranephelium xestophylium Sapindus rarak 

and finally, there is one introduced species, as already mentioned earlier, the ornamental 
Filicium decipiens. 


ORIGIN AND FUTURE OF THE SOUTHEAST ASIAN SAPINDACEAE 

I like to conclude with what I consider to be the most interesting and intricate part 
of the Sapindaceae, their history of speciation and dispersal. 

In the introduction the possible Gondwanan ancestor of the Sapindaceae was 
already mentioned. Perhaps this ancestor was present in the larger part of the then 
united areas of S. America, Africa, Madagascar, India, Antartica, and Australia. After 
the break-up of Gondwana the ancestral distribution was also split and speciation 
resulted. 

In S.E. Asia two Gondwanan sources for the Sapindaceae are present, India and 
New Guinea-Australia. India could have acted as a raft, transporting Sapindaceae from 
Africa to S.E. Asia. The Sapindaceae may have dispersed after India collided with S.E. 
Asia or they could have dispersed already earlier by island hopping during the time 
India was passing close to the major islands in the Malay Archipelago (which were then 
at a more southeastern latitude and longitude. 

The alternative is that the S.E. Asian Sapindaceae arrived from New Guinea- 
Australia. Most areas in S.E. Asia, south of the line Burma-S. Himalayas-S. China (thus 
including Indochina and Thailand) are of an Australian origin. These areas detached as 
small microplates from Australia during its northern journey and reached S.E. Asia 
already in perhaps Jurassic times. The latter means that for the origin of higher plants 
these areas already constitute Asian mainland. The islands nowadays present in the 
Malay Archipelago (Malesia) are also mainly of Australian origin and crossed the ocean 
in two waves, first the W. Malesian islands, presently the E. Malesian islands (Audley- 
Charles 1987). In fact the geological history of the area is much more complex, because 
6 major plates are colliding or have collided (Eurasia, India, Indian Ocean, Pacific, 
Philippine plate, Australia). The Philippine plate, an oceanic plate, has already 
disappeared, leaving only some island areas in the Philippines as evidence of its former 
existence. 

Cladistic studies of several genera of the Cupanieae (compiled in Turner 1995) 
show that these groups have a New Guinea-Australian origin and have reached S.E. 
Asia main land via dispersal towards the west. The Cupanieae are considered to be a 
group which split off early in the history of the Sapindaceae and many of the other 
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tribes are thought to be derived frotn it, also the Nephelieae. The 'primitive' S.E. Asian 
Nephelieae arc found in New Guinea-Australia ( Alectryon ), while the more 'advanced' 
genera are mainly confined to W. Malesia. This indicates again a New Guinea- 
Australian origin. 

Another genus in the subfamily Sapindoideae which probably points at the same 
origin is Afalaya (tribe Sapindeae), with 2 species in Africa and the rest in E. Malesia 
and Australia. The cladogram of Harpuliia (tribe Harpullieae in the other subfamily 
Dodonaeoideae) also has an eastern origin (Buijsen, personal communication). 

All these genera must have reached India through dispersal. A few genera point at 
an Indian-African origin. Lepisanthes (tribe Lepisantheae in the Sapindoideae) is 
present in Africa, India and W. Malesia. Arfeuillea (Thailand, Laos) is thought to be 
derived of the African-Madagascar genus Majidea (also Harpullieae). 

Possibly, the majority of the Sapindaceae reached S.E. Asia through New Guinea- 
Australia and a minority via India, 

The present islands in the Malay Archipelago may apparently provide nice 
stepping stones allowing plant dispersal, but most of these island only recently emerged 
above the sea level. However, during the relatively recent glacial times many 
Iandmasses were dry, providing ample opportunity for active plant distribution. For this 
reason most Sapindaceae in W. Malesia are widespread over all major islands (Borneo, 
W. Java, Sumatra) and the Malay Peninsula. 

An analysis of the distributions of species described in Flora Malesiana series 1 up 
to volume 11.2 (not including the Sapindaceae) showed that all islands in Malesia show 
a species richness relative to their size. Most species were found on the large islands 
Borneo and New Guinea, somewhat less on the Malay Peninsula and Sumatra, etc. 
However, when only endemic species were considered Borneo and New Guinea (more 
or less followed by the Philippines) showed significantly more endemic species than the 
other areas in Malesia. These endemic species were restricted to the northern halves of 
the islands. This coincided with the areas with the most extensive present day 
geological activity. A more precise analysis for New Guinea indicated that the 
correlation is not a direct one, but an indirect one. Most endemic species seemed to 
have speciated due to the results of plate tectonic activity, especially orogenesis (van 
Welzen 1995, ms.). The Sapindaceae nicely Tit this picture. By far most endemic 
species are found in (the northern half of) New Guinea, followed by the northern half of 
Borneo. 

The latter analysis indicates that most Sapindaceae are genetically still flexible 
and can adapt to new situations. Partly by speciation (Borneo and New Guinea) or by 
becoming polymorphic (widespread 'mega’species). Hopefully, they will remain 
genetically flexible and ready to adapt, because environmental stress will increase due 
to our misbehaviour. Presumably, the real primary forest species will become extinct in 
the future, but especially the species, mainly the shrubs, already present in secondary 
vegetations stand a good chance of extending their distributions and expressing their 
full genetic variability in the future. 
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TERMS USED IN THE SYNOPTICAL KEY 

Read the following definitions of terms before using the key, many more terms will be 
used, but these are explained with references to figures: 

Leaves may exceptionally be simple (existing of an axillary bud, petiole, and blade), but 
usually they are compound (existing of an axillary bud, petiole, rachis, and several 
leaflets, the latter without an axillary bud): 

- parjpinnate: leaflets arranged like feather, no terminal leaflet, but short 

rachis end. 

- imparipinnate: like former, but with terminal leaflet. 

- trifoliolate: 3 leaflets originating from one point. 

- unifoliolate: reduced compound leaf with I leaflet left. 

Fruit types: 

- capsule: leathery or woody, usually opening, free of seeds. 

- drupe: not opening, outer layer a thin skin, middle layer soft, often fleshy, 

inner layer hard (usually confused with seed), free from seed. 

- berry: dry fleshy (in Sapindaceae), non-opening fruit with seeds embedded 

in it. 

- samara: non-opening, dry, winged fruit, free of seeds. 

Seed parts: 

- hilum: scar of placenta on seed. 

- edible part around seed (arilloid): 

- sarcotesta: arilloid attached to seed, when loose upper part of seed 
remaining attached to it, leaving a dull, fibrous seed. 

- arillode: arilloid loose of seed, leaving shiny intact seed after having 
been eaten. 

- ring or lobes around hilum: sarcotesta. 


SYNOPTICAL KEY TO THE GENERA OF THAI SAPINDACEAE 

The numbers refer to the genera. Numbers in bold only show one character state, 
those in italics are polymorphic and show several states. 

How to use a synoptical key: Write the numbers 1-23 (the different genera) on a 
sheet. A synoptical key allows free use ol characters. Just pick those which are easy to 
observe in your material. If your plant is a tree (character 1), then you can eliminate 
number 5 ( Cardiospermum ), because it is a climber. Cross it out. Now 22 possible 
genera are left. If your tree has imparipinnate leaves (character 2), then only numbers 
13 en 17 are left (cross out the rest). Your tree has big, woody fruits with spines 
(character 38), these are present in the genera 2, 6, 14, 16, 17, 21, and 22. Only number 
17 agrees with the taxa you have left on your list and your identification is complete: 
Paranephelium. Go to genus 17 in the treatment of the Sapindaceae in a future volume 
of the Flora of Thailand and identify the species. 
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List of genera (if monotypic then the species name is provided too. When the species 
name is between brackets, then your specimen might be another introduced species then 
the one mentioned in the list and the key to the species of that genus has to be checked 
to be certain): 


1. Allophylus cobbe 

2. Amesiodendron chinense 

3. Arfeuillea arborescens 

4. Arytera litoralis 

5. Cardiospermum 

6. Dimocarpus 

7. Dodonaea (viscosa) 

8. Filicium decipiens 

9. Ganophyllum falcatum 

10. Glenniea philippinensis 
! 1. Guioa 

12. Harpullia 


13. Lepisanthes 
34. Litchi chinensis 

15. Mischocarpus 

16. Nephelium 

17. Paranephelium 

18. Pometia 

19. Sapindus (rarak) 

20. Schleichera oleosa 

21. Sisyrolepis muricata 

22. Xerospermum 

23. Zollingeria dongnaiensis 


Characters: 

1. Habit 

a. herbaceous or woody climber with tendrils: 5. 

b. shrub to tree up to 15m high: 1, 2 - 4 , 6 , 7, 8, 9 - 20 , 21, 22 , 23. 

c. shrub to tree up to 30 m high: 2—4 , 6 , 9 - 20 , 22 . 

d. shrub to tree up to 50 m high: 6 , 9 , 12 , 14 , 16 - 20 , 22 . 

2. Indumentum (all possess simple, solitary hairs) 

a. stellately bundled hairs (very small!!): 1 , 3, 6, 12. 

b. 2-branched hairs: 14. 

c. glandular hairs: 7-9, 20. 

3. Type of leaf 

a. simple or unifoliolate: 7, 13 . 

b. 3-folioIate or digitate: I. 

c. imparipinnate: 13 , 17 . 

d. paripinnate: 2-6, 8-12, 13 , 14-16, 17 , 18-23. 

4. Presence of pseudostipules (Pig. 2a): 

a. absent: 1-12, 13 , 14-17, 18-23. 

b. present: 13 (leaves only), 18 (also in inflorescences). 

5. Number ofjugae: 

a. 1-jugate: 3 , 10 -/ 3 , 15 - 20 , 22 . 

b. 2-jugate: 3 , 4 , 6 , 10 - 17 , 20 , 22 . 

c. 3-jugate: 2 - 4 , 6 , 10 - 17 , 20 , 22 , 23 . 

d. 4-jugate: 2 , 3 , 6 , 9 - 18 , 20 , 21 , 23 . 

e. 5-jugate: 2 , 6 , 8 - 18 , 23 . 

f. 6-jugate: 2 , 6 , 8 - 13 , 15 - 19 . 

g. many-jugate: 8 , 9 , 10 — 13 , 15 , 16 , 18 , 19 . 
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6. Rachis wing (Fig. 2b, c): 

a. not winged: 1-7, 9, 10, //, 12-23. 

b. winged: 8, //. 

7. Leaflet size: 

a. 0.5-16 cm long: /, 2, 3, 4, 5, 6, 7, 8, 9-/3, 14, 15-18, 19, 20-22, 23. 

b. 16-60 cm long: /, 4, 6 , 9-/3, /J-/S, 20-22. 

8. Margin of leaflets: 

a. entire: /, 3, 4, 6, 7-10, 11, 12-16, /7, /<?, 19, 20, 21, 22, 23. 

b. repand: 3, d, 20, 2/, 23. 

c. lobed: /, 5. 

d. crenate: 1, 3,21. 

e. serrate/dentate: /, 2, //, /7, /£. 

9. Leafapex: 

a. emarginate to truncate: 3, 6, 8, 15—17, 20, 

b. rounded: /, 3, 6-8, 12, 13, 15—17, 20-23. 

c. obtuse: 1, 3, 6—8, 10—13, 15—17, 19-23. 

d. acute: /, 3, 5, 6-8, 10 13, 15-22. 

e. acuminate: 1, 2, 3, 4, 6-13, 14, 15-22. 

f. cuspidate: /, 4, 11, 17,21. 

g. caudate: /, 4, 11, 17. 

10. Domatia and glands at lower leaf surface: 

a. absent: /, 2, 3, 5, 7-9, 10,11, 12-14, 15, 16, 17 , \ 9 , 20, 21, 23. 

b. hair tuft domatia: 1, 10. 

c. pocket or sac domatia (Fig. 2d, e): 4, 6, 11, 15, 16, 20, 21. 

d. glands in nerve axils (Fig. 2f); 6. 

e. glands in basal part of lamina (Fig. 2g): 18. 22. 

11. Pilosity on lower surface of leaves: 

a. absent: 1,2,4, 6, 7, 8, 9, 10-13, 14, 15, 16, 17, 18, 19, 20, 22. 

b. present: /, 3, 5, 6, 7, 10-13, 16, 18, 20, 21, 23. 

12. Papillae on lower leaf surface: 

a. absent: 1-5, 7-10, 11, 12, 13, 15, 17-23. 

b. present: 6, 11, 14, 16. 

13. Nerves near margin: 

a. ending open: 1, 2, 4—6, 7, 13, 16, 17, 18-20. 

b. joined and closed in upper part: 10, 11, 15, 20, 22. 

c. all nerves joined and closed: 3, 7, 8, 9, 11, 12, 13, 14, 15, 18, 19, 21, 23. 

14. Inflorescence position: 

a. axillary: 1-4, 5, 6-8, 9, 10-18, 20, 21 ,22,23. 

b. (pseudo)terminal: 1-4 , 6-8, 10-18, 19, 20. 22, 23. 

c. rami- and cauliflorous: 12, 13, 15-17. 

15. Maximum length of inflorescences: 

a. up to 5 cm long: 7. 

b. up to 19 cm long: 3-5, 20. 
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c. up to 28 cm long: 8-11, 22, 23. 

d. up to 50 cm long: 1,2, 6, 14, 15, 19, 21. 

e. up to 90 cm long: 12, 13, 16-18. 

16. Branching of inflorescence: 

a. branching: /, 2-1, 5, 6, 7, 8, 9, 10-13 , 14, 15, 16, 17, 18, 19, 20, 22, 23. 

b. not branching: /, 5, 7, 10-13, 16, 17, 20, 21, 22, 

17. Flower colour: 

a. white/cream: 1 ,2,4, 5, 6, 8, 11, 12, 13—17, 18, 19, 21, 22, 23, 

b. yellowish: 4, 6, 13-17, 20, 22. 

c. pinkish: 2,8, 11, 16, 17. 

d. reddish purple: 13. 

e. reddish green: 3. 

f. green: 7, 9, 10, 14,16, 20. 

18. Sepal number: 

a. 3: 7. 

b. 4: 1, 5, 7, 9, 10, 13, 14, 16, 17, 20, 22. 

c. 5: 2-4, 6, 7, 8, 9, 10, II, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23. 

d. 6: 6, 9, 16, 17, 20. 

e. 7: 17. 

19. (Relative) size of sepals: 

a. All less than 5 mm long, outer 2 smaller than inner 3 or 2 (Fig. 3b): 1, 5, 
11, 13, 18, 19, 22, 23. 

b. All less than 5 mm long, about equal size (to unequal, but not dimorph. 
Fig. 3a): 2, 4, 6-10, 14-17, 18, 20, 21, 22. 

c. All longer than 5 mm: 3, 12, 13. 

20. Petal number: 

a. absent: 6,1, 10, 14, 15, 16, 18, 20. 

b. 1: 6, 15, 16. 

c. 2: 3, 15, 16. 

d. 3: 3, 13, 15, 16. 

e. 4: 1, 3,5, 13, 15-17, 19,2\,22. 

f. 5: 2, 4, 6, 8 , 9, 11, 12, 13, 15-19, 22, 23 . 

g. More than 5: 9, 13, 16, 17. 

21. Petal length in relation to sepal length: 

a. <~ sepals: 1—5, 6, 8, 13, 15, 16, 18, 19, 22. 

b. > sepals: 6, II, 12, 13, 16, 17, 18, 19, 21, 23. 

22. Petal length: 

a. 0.8-2.5 mm long: 1, 2, 4, 5, 6, 8, 11, 13, 15-18, 22. 

b. 2.5—4.1 mm long: 3, 6, 11-13, 19?, 21,22, 23. 

c. 4.1—25 mm long: 6, 12, 13, 21. 

23. Petai scales: 

a. absent (Fig. 3c): 3, 6, 8, 12, 15,16, 18, 22, 23. 

b. 1 (bilobed) scale (Fig. 3d): 2, 5, 13, 17, 19, 21. 
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c. 2 scales (Fig. 3e): 1,4, II, 73. 

d. 2 auricles (Fig. 3f): 12 

24. Crest on petal scales: 

a. absent (Fig. 3e): 1, 2, 4, //, 12, 13, 17, 19, 21. 

b. present (Fig. 3d): 5, 11, 13. 

25. Disc presence: 

a. complete ring (Fig. 3g): 2,4, 6,8-10, //, 12, 13, 14-18, 19, 20, 22, 23 

b. incomplete ring (Fig. 3h): 1, 3, 11, 13, 19, 21. 

c. separate glands: 5. 

d. separate from stamens, 2-iobed: 3. 

c. (virtually) absent: 7. 

26. Disc shape (for genera of 25a and b): 

a. flat ring: 1,3, 4, 6, 8-16, 18-20, 22, 23. 

b. inner part raised, outer part flat: 2, 17, 21. 

27. Disc pilosity: 

a. glabrous: 1 , 2, 3?, 4, 5, 9, 10, 11, 13, 14, 15, 16, 17, 18?, 19, 20, 22, 23 

b. pilose: /, 6, 8, 9, 12, 13, 14, 16, 20, 21, 22. 

28. Number of stamens: 

a. 4: 13, 16. 

b. 5: 7, 8, 9, 12, 13, 15-18, 20. 

c. 6: 2-4, 6, 7, 9, 10, 12-18, 20. 

d. 7: 2-4, 6, 7, 9, 10, 12-17, 20, 22. 

e. 8: 1, 2-4, 5, 6, 7, 11, 12-17, 19, 20-22, 23. 

f. 9: 2-4, 6, 7, 13-17, 20-22. 

g. 10: 4, 6, 7, 13, 14, 16. 

h. > 10: 7 (up to 15), 13 (up to 18), 14 (up to 11). 

29. Pilosity of filaments: 

a. glabrous: 3, 6, 7-10, 12, 15, 17, 18, 20. 

b. (partly) pilose: 1, 2, 4, 5, 6, 11, 13, 14, 15, 16. 18, 19, 20, 21-23. 

30. Number of locules in ovary: 

a. 1-locular: 16, 17. 

b. 2-locular: 1, 4, 6, 7, 8, 9, 10, 12, 13, 14, 16-18, 20, 22. 

c. 3-locular: 2, 3, 5, 7, 9, 11, 13, 15, 16-18, 19, 20, 21, 23. 

d. 4-!ocular: 16, 17, 20. 

31. Outside smoothness of ovary wall: 

a. smooth (Fig. 3i); 1-5, 7-13, 15, 16, 18—21, 23. 

b. warty/tubercuiate/spiny (Fig. 3j): 6, 14, 16, 17, 22. 

32. Number of ovules per locule: 

a. 1 ovule per locule: l, 2, 4-6, 8, 10, 11, 12, 13-23. 

b. 2 ovules per locule: 3, 7, 9, 12. 

33. Stigma lobes: 

a. (hardly) lobed: 1,2,4, 5-7, 9, 14-16, 17, 19, 20, 22. 

b. not lobed, straight: 2, 3, 4, 8, 10—13, 17, 18, 21, 23. 
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34. Fruit type: 

a. dry drupe/berry: 1, 8, 9, 13, 18, 20. 

b. fleshy, juicy drupe; 10, 19. 

c. dehiscent leathery/woody capsule: 2. 4, 6 , 11, 12, 15. 17,21. 

d. indehiscent leathery/woody capsule: <5, 14, 16, 22. 

e. papery capsule (Fig. 5g): 3, 5, 7. 

f. dry samara: 23. 

35. Fruit size (longest distance in height or width): 

a. 0.5-2 cm: 1, 4-6, 7-9, 11, 12, 13, 15, 18-20, 22. 

b. 2.1-5.5 cm: 2,3, 4-6, 12, 13, 14, 15-20, 21,22, 23. 

c. 5.6-8 cm: 10, 12, 16-18. 

36. Fruit lobes: 

a. lobed (Fig. 5a, b): 1,2, 4, 6, 11, 12, 13, 14, 16, 18, 19, 22. 

b. not lobed (Fig. 5c, d): 3, 5, 7-10, 13, 15, 17, 20, 21, 23. 

37. Fruit wings: 

a. absent (Fig. 5c): 1, 2, 4—6, 8-22. 

b. present (Fig. 5d): 3, 7, 23. 

38. Fruit wall texture: 

a. smooth/wrinkled (Fig. 5a): 1,2, 3-5, 7-13, 15, 16, 17, 18-20, 23. 

b. warty/spiny (Fig. 5b, e, f y. 2,6, 14, 16, 17, 21,22. 

39. Pilosity of outside wall: 

a. glabrous: 1-1, 6, 7-11, 12, 13, 14, 15, 16, 17, 18, 19,20, 21,22, 23. 

b. (somewhat) pilose: 5, 6 , 12, 13, 16, 17, 19, 22. 

40. Pilosity of inside wall: 

a. glabrous: 1-3,5-11, 12, 13, 14, 15, 16, 17, 18, 20-23. 

b. pilose around placenta: 19. 

c. pilose around suture: 4. 

d. completely pilose (glabrescentl): 12, 13. 

41. Seed shape: 

a. ovoid: 10, 18. 

b. (sub)globular: 1,2 ,4, 5-8, 11, 15, 17, 19, 20, 22. 

c. ellipsoid: 4, 9, 12-14, 15, 16, 19, 22. 

d. obovoid: 3, 11, 21. 

e. pyramidal: 23. 

42. Seed pilosity: 

a. glabrous: l, 2, 4-12, 13, 14-23. 

b. pilose: 3, 13. 

43. Arilloid type: 

a. arilloid absent: 1, 3, 5, 7-10, 13, 17, 19, 23. 

b. sarcotestal ring/lobe around hilum: 2, 12. 

c. complete sarcotesta: 16, 22. 

d. arillode without basal appendage: 2, 6, 12, 14, 18, 20, 21. 

e. arillode with basal appendage (Fig. 5h): 11, 15. 
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